This study explores whether the cognitive advantage associated with bilingualism in executive functioning extends to young minority-language children challenged by poverty and if so, which specific processes are most affected. Forty Portuguese-Luxembourgish bilingual children from low-income immigrant families in Luxembourg and 40 matched monolingual children from Portugal completed visuo-spatial tests of working memory, abstract reasoning, selective attention, and interference suppression. Two broad cognitive factors of executive functioning labeled representation (abstract reasoning and working memory) and control (selective attention and inhibitory suppression) emerged from principal components analysis. Whereas there were no group differences in representation, the bilinguals performed significantly better than the monolinguals in control. These results demonstrate first, that the bilingual advantage is neither 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Harper (2007) argued that previous studies did not properly match SES across groups with the consequence that wealthy bilingual children were being compared to monolingual children from less favorable economical conditions. Bialystok (2009) rejected this claim, explaining that, at least in her research, SES was controlled by sampling the bilingual and monolingual children from the same schools located in economically homogeneous middle-class neighborhoods (Bialystok, 2010). Second, it may be that the bilingual advantages reported in executive functioning emerge only for children in higher SES brackets, the population most involved in previous research (Oller & Pearson, 2002) . This possibility presents a limiting condition in which the constellation of advantages associated with high SES is necessary for children to fully benefit from the opportunity presented by bilingualism. Thus, bilingualism might produce positive effects for children from advantaged social conditions but produce no or even negative effects for children from less favorable backgrounds.
Abstract
This study explores whether the cognitive advantage associated with bilingualism in executive functioning extends to young minority-language children challenged by poverty and if so, which specific processes are most affected. Forty Portuguese-Luxembourgish bilingual children from low-income immigrant families in Luxembourg and 40 matched monolingual children from Portugal completed visuo-spatial tests of working memory, abstract reasoning, selective attention, and interference suppression. Two broad cognitive factors of executive functioning labeled representation (abstract reasoning and working memory) and control (selective attention and inhibitory suppression) emerged from principal components analysis. Whereas there were no group differences in representation, the bilinguals performed significantly better than the monolinguals in control. These results demonstrate first, that the bilingual advantage is neither Bilingualism enriches the poor: Enhanced cognitive control in low-income minority children Substantial evidence demonstrates that the regular use of more than one language benefits a variety of executive functions including switching attention, working memory, metalinguistic awareness, creativity, and problem solving (see Adesope, Lavin, Thompson, & Ungerleider, 2010 for a review of research with children and Hilchey & Klein, 2011 for a review of research with adults). One explanation for this bilingual advantage is that the experience of managing several languages on a regular basis trains executive functions that are needed to resolve conflict between competing language systems and improves their functioning across other tasks and domains (Bialystok, Craik, Green, & Gollan, 2009) . Support for this view comes from fMRI studies of bilinguals showing recruitment of the general executive control system for language switching (Luk, Green, Abutalebi, & Grady, 2011) .
Bilingual advantages in executive functioning, however, have not been found in all studies (Bajo, Padilla, & Padilla, 2000; Engel de Abreu, 2011) leading to the suggestion that the observed effects might be related to privileged social backgrounds (i.e., socioeconomic status, SES) rather than bilingualism per se. Differences in SES could bias the results in two ways, namely, as a confound or as a limiting condition. Regarding the first possibility, Morton and Harper (2007) argued that previous studies did not properly match SES across groups with the consequence that wealthy bilingual children were being compared to monolingual children from less favorable economical conditions. Bialystok (2009) rejected this claim, explaining that, at least in her research, SES was controlled by sampling the bilingual and monolingual children from the same schools located in economically homogeneous middle-class neighborhoods (Bialystok, 2010) . Second, it may be that the bilingual advantages reported in executive functioning emerge only for children in higher SES brackets, the population most involved in previous research (Oller & Pearson, 2002) . This possibility presents a limiting condition in which the constellation of advantages associated with high SES is necessary for children to fully benefit from the opportunity presented by bilingualism. Thus, bilingualism might produce positive effects for children from advantaged social conditions but produce no or even negative effects for children from less favorable backgrounds.
Although it has been reliably shown that children from lower SES backgrounds manifest poorer performance in executive function task than their wealthier peers (Noble, Norman, & Farah, 2005) , few studies have explored the effect of bilingualism in children growing up in poverty. Two previous studies reported some benefit of bilingualism for low SES SpanishEnglish bilingual children (Carlson & Meltzoff, 2008; Mezzacappa, 2004) but both studies compared performance to privileged monolingual children from a different ethnic group and used statistical procedures to control for the substantial initial differences between groups. Thus, no studies to date have examined monolingual and bilingual children in comparable low SES situations from the same cultural group to determine whether the bilingual cognitive advantages previously reported require a specific social context.
In the present study we examine whether the bilingual advantage in executive functioning that is observed in studies targeting middle-class, English-speaking bilinguals in North America can be detected in young minority-language children growing up in low-income immigrant families in Luxembourg. The Grand-Duchy of Luxembourg provides a fruitful linguistic and socio-demographic landscape to explore questions related to SES and multilingualism. The country and educational system are trilingual with Luxembourgish, German, and French being recognized as official languages. Luxembourgish is spoken throughout the country and is the sole language of instruction when children start school at the age of 4. At the age of 6, children are introduced to their first second language, German, and one year later they start to learn their second foreign language, French. The Grand-Duchy's stable, prosperous economy depends heavily on foreign workers; the Portuguese community is by far the largest foreign-born population segment representing 16% of the country's total population (Statec, 2011) . The Portuguese living in Luxembourg mostly emigrated from Northern Portugal and tend to be low or unskilled laborers with little education (Alieva, 2009) . Despite governmental efforts to reduce social inequalities, the Portuguese students continue to be vastly over-represented in lower educational tracks and special educational programs (MENFP, 2011) .
The study focused on first and second generation immigrant children of low-income Portugal-born parents living in Luxembourg who were carefully matched with monolinguals from comparable socio-demographic backgrounds in Northern Portugal -the region from which the families in Luxembourg had emigrated. The matching assured that there was no confound with SES and ethnicity in the group structure, so performance differences between language groups could be clearly attributed to bilingualism. Additionally, the low-income status of the children provides a means for testing the possibility that high SES is an enabling condition for bilingualism to enhance executive functioning. Finally, in contrast to previous studies that generally employ a single measure or type of task to assess executive functioning (e.g. Bialystok, 2010; Engel de Abreu, 2011; Morton & Harper, 2007) , the present study included a range of measures that varied in their underlying processes and surface manifestations in order to identify the specific aspect of executive functioning that is impacted by bilingualism. Bialystok (1991 Bialystok ( , 2001 Craik & Bialystok, 2006) proposed a theoretical distinction Bilingualism enriches the poor 6 between representation (formally "analysis") and control. Representation is the process of encoding and structuring knowledge in a manner that permits retrieval, logical interference, and access to relational information. The functions contributing to control include selectively attending to relevant aspects of a problem, inhibiting misleading information, and switching between competing responses. In studies with adults and older children, bilingual advantages were found for tasks based on control but no differences were observed for tasks based on representation (for reviews see Bialystok, 1991; 2001) . This distinction was incorporated into the present design to validate the dissociation of representation and control processes in young children, determine the effect of bilingualism on each, and establish the applicability of this model for low SES minority-language children. The hypotheses were that bilingualism selectively affects the ability to resolve conflict, an aspect of cognitive control, and that this difference would emerge in carefully matched children from low SES backgrounds.
Method

Participants
Testing was conducted in second grade classrooms across Northern Portugal and the Grand-Duchy of Luxembourg. Portugal and Luxembourg are relatively small countries, both are members of the European Union, and there are no apparent within-country disparities in terms of the quality of public school education. Schools were carefully targeted to be comparable across countries with respect to their number (6 schools in each country), class size (mean of 22 students per class), and demographic region (mean resident population of 8,892). Although the selected children lived in low SES families none of the schools was located in severely disadvantaged neighborhoods, all of the teachers were highly qualified, the curriculum was equivalent across countries (with the exception of foreign language instruction being part of the Bilingualism enriches the poor 7 curriculum in Luxembourg), and none of the schools indicated difficulties with educational resources (additional school and country information is available on-line in Table S1 ).
In total 121 children were assessed (67 in Luxembourg and 54 in Portugal); they were matched on gender (50% of boys in each group), ethnicity (99% Caucasian), chronological age, and the international socio-economic status index (ISEI-08 based on caregiver occupation; Ganzeboom, 2010). Exclusion criteria included: maternal alcohol or drug use during pregnancy; severe pregnancy or birth complications; history of head injury, epilepsy, or hearing problems; diagnosed special educational needs; bilingualism (for the Northern Portugal group). The final sample consisted of 40 Portuguese children from monolingual homes in Portugal and 40
Portuguese-Luxembourgish bilingual children who lived in Portuguese-speaking homes in Luxembourg.
The first language of all children was Portuguese. In the bilingual group, 25% of the children were first generation immigrants; they were born in Portugal and had immigrated to Luxembourg before the age of three. The remaining children were second-generation immigrants who were born in Luxembourg to Portugal-born parents. All children were exposed to Portuguese at home and had completed their first four years of education in Luxembourgish schools. Parents reported that children used Portuguese and Luxembourgish on a daily basis. The monolingual group had monolingual parents, spoke only Portuguese at home, and attended monolingual schools in Portugal.
Main participants' characteristics are reported in Table 1 (additional sample information is available on-line in Table S2 ). Despite ISEI matching, the bilingual group was disadvantaged in terms of parental education, household possessions, and household size. Income information showed that all of the bilingual children came from low-income households of which 18% fell below the poverty line 1 .
The poverty index frequencies for the monolingual households were as follows: 72% lowincome (of which 22% below the poverty line); 15% median-income; 12% wealthy.
Procedure and material
With the exception of the Luxembourgish vocabulary measure (bilinguals only) all of the tests were administered in Portuguese by native Portuguese-speakers. All the measures had been translated and back-translated from the English original and had been used in previous studies with Portuguese-speaking children (Engel, Santos, & Gathercole, 2009 ). Reliability of instruments was established for the scores produced by the measures in this study. Computerized tasks were administered on Dell Vostro laptops with a 15.4" display.
Language measure
Children completed the Expressive One Word Picture Vocabulary Test (EOWPVT, Brownell, 2000) in which they name pictures. The bilingual children completed the task in both languages (counterbalanced across the first and the last testing session) and received a score for each language and a conceptual score indicating the number of unique concepts that could be named. Children who did not know a word in Luxembourgish could use a German or a French word which then counted towards the total conceptual score. As no norms or item statistics were available the same predetermined fixed set of items was administered to all children. The Bilingualism enriches the poor 9 maximum score on the test was 51.
Cognitive measures
Abstract reasoning was assessed with the Raven Colored Progressive Matrices (Raven, Court, & Raven, 1986) Children have to circle the 20 target items as fast as possible without being distracted by the SDs of children's individual means were excluded from the analyses (< 3% of trials).
Results
Descriptive statistics for all measures are reported in Raven, odd-one-out, dot matrix, sky search, and the RTs for incongruent flanker trials were submitted to a principal component analysis with Varimax rotation of the factor structure.
Two factors with eigenvalues above 1.00 emerged (accounting for 35% and 25% of the variance), indicating that the measures capture distinct aspects of executive functioning. Factor loadings on the rotated matrix are represented in Table 3 . The factor structure was very clear:
Abstract reasoning and the working memory measures loaded on factor 1 (factor loadings between .66 and .77) and the selective attention and inhibitory suppression tasks loaded on factor 2 (factor loadings of .83 and .85). Factor 1 is interpreted as representation because the working memory measures and the Raven rely on visuo-spatial encoding and analytical processes without a misleading context. Factor 2 is labeled control because sky search and flanker tasks both involve conflicting information that require selective attention and inhibition to be resolved successfully. Using computed factor scores as the dependent variable, between-group comparisons showed that the bilinguals outperformed the monolinguals on the control factor [bilinguals: mean = -.41, SD = .69; monolinguals: mean = .41, SD = 1.10; t(78) = -3.98, p < .01, 
Discussion
There were three major findings from this study. First, the principal component analysis revealed two clear factors that were described as representation (abstract reasoning and working memory) and control (selective attention and inhibitory suppression). This result validates the dissociation account of executive functions (Bialystok, 1991 (Bialystok, , 2001 Craik & Bialystok, 2006) and extends it to young children from a low SES background.
Second, bilingualism positively affected only one of these processes, namely control, with no group difference in representation (cf., Bialystok, 1991 Bialystok, , 2001 ). Thus, bilingualism does not simply lead to a domain-general increase in cognitive ability that could reflect other environmental factors associated with bilingualism such as SES, but instead selectively influences the ability to deal with conflict. Our findings shed light on inconsistencies in previous research by demonstrating the importance of considering the specific cognitive demands of executive function tasks. The higher the control demand of the task the more likely it is that a bilingual effect will emerge.
Third, and most importantly, the bilingual advantage in control was found in children growing up in economically-disadvantaged families. This bilingual advantage was robust with a large effect size. Because of the detailed matching of children across the monolingual and bilingual groups, these results rule out claims that the bilingual benefits previously reported can be explained by economic or cultural differences (Morton & Harper, 2007; Oh & Lewis, 2008) .
Instead, the data are consistent with the position that the constant use of executive control to Bilingualism enriches the poor 13 resolve language conflict strengthens these processes and makes bilinguals more proficient than monolinguals in executive function tasks involving directing attention, focusing on relevant aspects of a problem, and filtering misleading information (Bialystok, 1991 (Bialystok, , 2001 .
It is firmly established that early adverse childhood experience can have detrimental effects on children's cognitive development (Noble et al., 2005) . Young children growing up in underprivileged conditions are likely to experience environments that impede or even harm healthy brain development (e.g., unresponsive caregiving, stress exposure, economic hardship).
In the present study, low-income bilingual children outperformed monolinguals in executive control, despite the presence of environmental conditions that would usually be associated with equivalent or even lower performance. The ability of the brain to sustain normal or improved functioning in the face of significant adverse conditions has been referred to as 'cognitive reserve' (Stern, 2003) . Lifelong bilingualism has been found to contribute to cognitive reserve in the elderly by attenuating the negative effects associated with dementia (Craik, Bialystok, & Freedman, 2010) . The present study suggests that bilingualism might also provide protection against the adverse cognitive effects that are associated with poverty. From this perspective, regular use of more than one language is a mentally stimulating activity that provides the opportunity to strengthen executive control mechanisms that build a defense to counteract the negative impact of poverty on cognition.
One remarkable feature of our results was that cognitive benefits were detected despite the strikingly low vocabulary scores of the bilingual children. Cognitive advantages are thus possible even with a seemingly low degree of proficiency in both languages. These results clearly show that in spite of facing many linguistic challenges, minority-language children also present important strengths in nonlinguistic cognitive domains that promote academic 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 There are a variety of intervention programs designed to improve children's executive control capacities ranging from martial arts to computerized training programs (see Diamond & Lee, 2011 for a review). Unfortunately the majority of these approaches are expensive, so instead of reducing social inequalities they may exacerbate them. Curriculum-based approaches that are accessible to all children might be more appropriate for children from economicallydisadvantaged backgrounds. Our findings indicate that intervention programs that are based on foreign language learning are a fruitful avenue for further exploration. Teaching a foreign language does not involve costly equipment, it has the obvious benefit of widening children's linguistic and cultural horizons, and it fosters the healthy development of executive control.
Recent research has shown that studying a second language in an immersion school program leads to similar benefits found for bilingual children but in a somewhat reduced form (Bialystok, Peets, & Moreno, in press; Hermanto, Moreno, & Bialystok, in press ). Participating in foreign language programs might thus be a promising tool towards reducing the achievement gap between more-and less-advantaged children by contributing to the construction of a sound cognitive foundation that might help children to reach their full potential and improve their educational opportunities. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 comparing a household's equivalent income to a relative poverty line that is set at 50% of the median disposable income prevailing in each country. Relative poverty refers to a standard of living or level of income that is high enough to satisfy basic needs but still significantly lower than that of the majority of the population under consideration. A child was considered as poor if the household's equivalent income fell below the poverty line; a child was considered as lowincome if the household income was less than the median of the respective country; a child was considered as wealthy when the household's income was above 50% of the median income of the respective country. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 
